Abstract. Background 
Nuclear factor-kappaB (NF-ĸB), a critical transcription factor, regulates the expression of many oncogenes in tumorigenesis. Active NF-ĸB promotes tumor growth, antiapoptosis, angiogenesis, and metastasis of HCC through overexpression of tumor progression-associated proteins encoded by NF-ĸB-targeted genes (4) (5) . The MAPK cascade has been shown to activate NF-ĸB-modulated tumor progression in various cancer cells. Blockage of ERK activation may downregulate NF-ĸB-modulated tumor progression in HCC (6) (7) (8) .
Amentoflavone, a polyphenolic compound that exists in many plants, has been indicated to induce anti-inflammation, anti-cancer effects, and protection of cardiovascular and central nervous system (9) . In a previous study, we found amentoflavone, as a sorafenib sensitizer, which enhances sorafenib-induced cytotoxicity and apoptosis in sorafenibresistant HCC (10) . However, the anti-cancer effects and mechanism of amentoflavone in HCC are ambiguous. Therefore, the aim of the present study was to verify the effect of amentoflavone on tumor progression in HCC. The role of ERK inactivation on amentoflavone-induced inhibition of tumor progression was also investigated.
Materials and Methods
Chemicals and reagents. Amentoflavone, MTT, and Dimethyl sulfoxide (DMSO) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), L-glutamine and penicillin-streptomycin (PS) were purchased from Gibco/Life Technologies (Carlsbad, CA, USA). Hygromycin was from Santa Cruz Biotechnology (Santa Cruz, CA, USA). jetPEI-DNA transfection reagent was from Polyplus Transfection (Sélestat, Bas-Rhin, France). Dluciferin was obtained from Promega (Madison, WI, USA). Extracellular signal-regulated kinase (ERK) inhibitor PD98059 was boughtfrom Selleckchem (Houston, TX, USA). Primary antibodies of cellular FADD-like IL-1β-converting enzyme (FLICE)-inhibitory protein (C-FLIP), and Cyclin-D1 purchased from Cell Signaling Technology (Beverly, MA, USA). A primary antibody of X-linked inhibitor of apoptosis protein (XIAP) was obtained from Thermo Fisher Scientific (Fremont, CA, USA). Primary antibodies for matrix metallopeptidase (MMP 9) and vascular endothelial growth factor (VEGF) were obtained from EMD Millipore (Billerica, MA, USA). Primary antibodies of phosphorylated extracellular signal-regulated kinase (pERK) and ERK were obtained from Merck Millipore (Billerica, MA, USA) and Santa Cruz Biotechnology (Santa Cruz, CA, USA), respectively. Matrigel was obtained from Corning (Tewksbury, MA, USA).
Cell culture. HCC SK-Hep1 cells were provided by Professor JingGung Chung at the Department of Biological Science and Technology, China Medical University, Taichung and used to verify anti-HCC effect of amentoflavone. Cells were maintained in DMEM containing10% FBS, 2 mM L-glutamine, 100 U/ml penicillin, and 100 mg/ml streptomycin in a humidified incubator at 37˚C in 5% CO 2 and 95% air (11).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT)
assay. SK-Hep1 cells were seeded into 96-well plates with 2×10 4 /well and incubated overnight. Cells were treated with different concentrations of amentoflavone or PD98059 (ERK inhibitor) for 48 h, respectively, and then cell viability was evaluated with MTT assay, as described by Chen et al. (12) .
Plasmid transfection. NF-ĸB-luciferase reporter plasmid (pNF-ĸB/luc2) was obtained from Promega (Madison, WI, USA). 1×10 6 SK-Hep1 cells were cultured overnight in 10 cm dish, and then transfected with pNF-ĸB/luc2 by using jetPEI-DNA transfection reagent as previously described (13) .
NF-ĸB reporter gene assay. SK-Hep1 cells were seeded into 96-well plates (2×10 4 /well) and incubated overnight. Cells were treated with different concentrations of amentoflavone or PD98059 for 48 h, respectively. Relative NF-ĸB activity was investigated with NF-ĸB reporter gene assay and rectified with cell viability, which was obtained by MTT assay as previously described (7).
Western blotting assay. 3×10 6 SK-Hep1 cells were cultured overnight in a 10 cm dish, and then treated with different concentrations of amentoflavone or 10 μM PD98059 for 48 h, respectively. After treatments, total protein from cells was isolated and collected by using lysis buffer (50 mM Tris-HCl pH 8.0, 120 mM NaCl, 0.5% NP-40, and 1 mM phenylmethanesulfonyl fluoride) and centrifugation. Protein levels of MMP-9, XIAP, VEGF, Cyclin-D1, ERK, and pERK were evaluated with Western blotting assay as described by Wang et al. (14) . Quantification of protein bands was performed by using Bio-Rad Image Lab software (Bio-Rad Laboratories, Inc., CA, USA)
Invasion assay. Transwell insert with 8 μm pore size was coated with 50 μl matrigel solution (1 to 1 matrigel with DMEM) and placed overnight at 37˚C. 3×10 6 SK-Hep1 cells were incubated overnight in a 10 cm dish and then treated with different concentrations of amentoflavone or 10 μM PD98059 for 48 h, respectively. After treatments, 1×10 6 viable cells were harvested with centrifugation and resuspended in 1 ml serum free DMEM. 100 μl cell suspension was added into the apical chamber of transwell insert and maintained for 48 h. Effect of treatments on cell invasion was evaluated with cell invasion assay as described by Lai et al. (15) . Light Nikon ECLIPSE Ti-U microscope was used for photography of invaded cells at ×100 and number of invaded cells was quantified by using ImageJ software version 1.50 (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. Analysis of variance (ANOVA) was used to test significance of difference between each experimental group. Data was expressed as mean±stand error. p-Value less than 0.05 was considered significant.
Results
Amentoflavone induces cytotoxicity and NF-ĸB inactivation in SK-Hep1 cells. SK-Hep1 cells after exposed to various concentrations of amentoflavone were analyzed for cell viability. Cell viability was significantly reduced in a dose dependent manner, by 14%-58% compared to control ( Figure  1A ). Figure 1B demonstrates that increasing the amentoflavone in vivo 32: 549-554 (2018) concentration significantly inhibited NF-ĸB activation of SKHep1 cells by 10-55% as compared to the control.
Blockage of ERK activation reduces cell growth and NF-ĸB activation in SK-Hep1 cells.
PD98059, an ERK inhibitor, was used to treat SK-Hep1 cells. Subsequently, change of cell viability and NF-ĸB activation were investigated with MTT and NF-ĸB reporter gene assay. Figure 2A shown PD98059 significantly decreases cell growth of SK-Hep1 in a dose-dependent manner, by 33-62% compared to control. Figure 2B indicates NF-ĸB activation of SK-Hep1 cells was also significantly reduced by PD98059 treatment compared to control.
Amentoflavone suppresses expression of tumor progressionassociated proteins through inhibition of ERK phosphorylation in SK-Hep1 cells.
Western blotting assay was used to evaluate protein levels of MMP-9, XIAP, VEGF, Cyclin-D1, and pERK of SK-Hep1 cells after PD98059 or amentoflavone treatment. Figure 3A shows that PD98059 inhibits protein levels of MMP-9, XIAP, VEGF and cyclin-D1 by 0.4-0.8-fold as compared to those of control. In addition to the inhibition of tumor progression-associated protein expression, amentoflavone also decreased protein levels of pERK in Figure 3B . Figure 4A significantly decreased the number of invaded cells by 40-80% as compared to control. We also found that 10 μM PD98059 significantly reduces cell invasion by 90% as compared to control ( Figure 4B ).
Both amentoflavone and PD98059 inhibit the invasive ability of SK-Hep1 cells.

Discussion
In our previous study amentoflavone induced cell cycle arrest and apoptosis leading to inhibition of breast cancer cell growth (16) . However, the anti-cancer effect and the mechanism of action of amentoflavone in HCC is unknown.
In this study, we demonstrated anti-cancer effect of amentoflavone and the role of ERK inactivation on amentoflavone-induced inhibition of tumor progression in HCC. In previous studies on HCC cell lines, such as SKHep1 and Huh7, we found that inhibition of NF-ĸB activation impairs tumor progression including antiapoptosis, angiogenesis, proliferation, and metastasis. In addition, blockage of ERK activation may also downregulate NF-ĸB-modulated tumor progression (5, 7) .
Sorafenib, the oral multi-kinase inhibitor used for the treatment of HCC, has been shown to diminish HCC growth through inhibition of Raf/MEK/ERK signaling transduction (17) .
The effect of sorafenib on NF-ĸB-modulated tumor progression in HCC was demonstrated from our previous studies. Sorafenib inhibits NF-ĸB-modulated tumor progression by triggering ERK dephosphorylation in HCC both in vitro and in vivo (7, 18) . In this study, we showed that ERK dephosphorylation is a critical factor in amentoflavone-induced inhibition of tumor progression in SK-Hep1 cells. Pan et al. also indicated that amentoflavone inhibits metastatic potential through suppression of ERK/NF-ĸB activation in osteosarcoma cells (8) .
In conclusion, this study demonstrated that amentoflavone has the potential to inhibit HCC progression through suppression of ERK activation. 
